Since their origin as a metameric group, arthropods have diversified considerably in their number of segments. Present-day geophilomorph centipedes provide a model system for investigating the evolutionary origins of this diversification, because they exhibit intraspecific variation in segment number. (This variation is, however, derived; it is not a plesiomorphic condition within the Chilopoda.) Previous studies have shown that there are significant differences in segment number between populations within several geophilomorph species. In one (arguably two) species, it has been demonstrated that there is a particular form of geographic patterning of the variation, namely a latitudinal cline, with the segment number decreasing with increasing distance north. Here, we provide additional data on four more species, all of which show evidence of a latitudinal cline in either one or both sexes. It is therefore becoming clear that this is a general phenomenon, applying widely (perhaps universally) across the Geophilomorpha, a group consisting of some 1000 known species. It may be that latitudinal clines are a frequent part of the speciation cycle in this group.
INTRODUCTION
It is now generally agreed that, contrary to the view expressed strongly by Manton (1977) , the Arthropoda represents a monophyletic taxon. Fossil data (Benton 1993) indicate a pre-Cambrian origin, possibly a very "deep" one, according to some molecular studies (Wray et al. 1996; Bromham et al. 1998) , although this finding remains controversial (Ayala et al. 1998) . The major groups of arthropods diverged from each other over a protracted period, perhaps extending into the Silurian and Devonian Periods, when the latest-originating major clades-the myriapods (Jeram et al. 1990 ) and insects (Hennig 1981 )-are first found in the fossil record.
The type of segmentation found in arthropods appears to be an autapomorphy of the group. Although this type of segmentation shares some of its underlying genetic machinery with chordate and annelid segmentation (Holland et al. 1997) , the most likely scenario is that overt morphological segmentation ("metamerism": see Minelli 1998 ) originated independently in each of these three phyla. The alternative to this scenario-the segmented Urbilateria hypothesis (De Robertis and Sasai 1996; De Robertis 1997) -cannot yet be excluded, but is rendered unlikely by the large number of secondary losses of segmentation that it implies.
Whatever the segment number, or range of segment numbers, of the arthropod stem species, it is clear that divergences of segment number accompanied both (a) the divergence of the arthropod subphyla and (b) the divergence of lower-level (e.g., ordinal) groups within some of these subphyla, notably the Crustacea and Myriapoda. These segment-number divergences, which have led to a vast variation in this character across the whole phylum (from less than 10 segments to more than 350), must have originated as intraspecific variation. Yet, paradoxically, most extant species exhibit no such variation; rather they are completely fixed for a particular number of segments, arguably 18 in Drosophila melanogaster and many other insect species (18 in all pterygotes, according to Wagner 1988) . This contrasts with the situation found in many early arthropods, for example, some groups of trilobites (Hughes et al. 1999) .
The arthropod group that shows the most variation in segment number within extant species is the Myriapoda. This group, therefore, provides various possible model systems upon which to base studies of the evolutionary origins of interspecific differences. The subgroup of myriapods used herein is the Geophilomorpha, a group of more than 1000 species of centipedes that hatch from the egg with their full adult complement of segments ("epimorphic" development). For reviews of segment number variation within the Geophilomorpha, see Minelli and Bortoletto (1988) and Arthur (1999) .
To use this system to get a comprehensive view of how segment numbers diverge, it is necessary to include (a) a study of the geographic pattern of variation at the phenotypic level and (b) an investigation of the genetic and embryological determination of segment number, which is poorly known for this group. We deal primarily with the former here; the latter will be the focus of a subsequent article, though we include some comments on genetics and embryology in the following section.
LATITUDE, TEMPERATURE, AND SEGMENT NUMBER
Early studies on variation in segment number between geographically separated populations of a geophilomorph species (notably Lewis 1962) revealed significant differences, but included insufficient geographic coverage to suggest any particular pattern. However, Eason (1979) made a case for the importance of latitude and its associated variable of temperature at both intraspecific and interspecific levels. His starting point was that "Species of Geophilomorpha from cold and temperate regions tend to be smaller with fewer segments than those from warmer regions." As an intraspecific counterpart, he gave data on Pachymerium ferrugineum , taken from the studies of Meinert (1871) and Palmen (1948) . Although these only represented the southern (N. Africa) and northern (Finland) extremes of the range of this species, with no intermediate samples being available to him, Eason (1979) implied the existence of a latitudinal cline. While this may have been stretching the evidence somewhat, he was perhaps encouraged to do so by the large difference in modal segment numbers between the two regions: 45 in Finland, 55 in North Africa. (Note that the number of trunk segments is always odd in geophilomorphs: Minelli and Bortoletto 1988; Arthur and Farrow 1999.) Although he was not explicit, it seems that Eason (1979) was painting a picture of evolutionary divergence in segment number as follows: Geographically widespread species of geophilomorphs undergo selection for fewer segments in colder regions, and more segments in warmer regions. This causes latitudinal clines, which in some cases fragment due to patchy distribution, giving rise to northern and southern races. If they remain separate for long enough, they may become reproductively isolated. The newly formed northern daughter-species then has fewer segments than its southern counterpart. North-south extension of these daughter-species can then give rise to another cycle of this process. Although Eason's proposal was based on limited evidence, and the adaptive basis for putative temperature-related selection is not yet clear (see below), we believe that Eason was broadly right. We recently reported a latitudinal cline in the coastal species Strigamia maritima (Kettle and Arthur 2000) . Here, we add data on other species, which, though largely limited to British populations, reinforce the overall picture.
Ironically, Eason's (1979) insight into the importance of latitude and temperature was linked with his own work on Geophilus carpophagus , and in particular a "long" form of the species with additional segments that was apparently found in urban and domestic environments, presumably acting as "heat islands." This long form, which Eason regarded as primarily an ecophenotypic rather than genetic variant of the species, may well be a species in its own right (Lewis 1985) , as we discuss below. Therefore, this particular proposal of an apparent link between temperature and intraspecific variation in segment number was probably incorrect.
Although Eason's (1979) specific suggestion of a direct effect of temperature on segment number in G. carpophagus appears to be incorrect, might such a direct environmental effect on the laying down of segments in embryogenesis be possible for other species? This question cannot yet be conclusively answered. The only evidence produced so far regarding heritable versus "plastic" influences on geophilomorph segment number derives from an early study by Prunescu and Capuse (1971) . These authors found a very strong link between maternal and offspring segment number, albeit in a restricted number of broods. Given what is known of the importance of maternal-effect genes (e.g., bicoid ) in Drosophila segmentation, this perhaps argues for similar effects in centipedes, but more work is necessary to test this possibility. At present, we can only say that: (a) there is evidence of heritable, but not plastic, influences on segment number; and (b) if temperature or other environmental factors are to have an effect, there is only a very narrow window of developmental time through which such effects would be possible. Our embryological studies show that not only is geophilomorph development epimorphic, but indeed the full complement of segments appears to be formed at a very early stage in embryogenesis. (This point will be expanded upon in our subsequent article.)
MATERIALS AND METHODS
The data presented below relate to four of the more abundant species of geophilomorph found in Britain: Haplophilus subterraneus, Brachygeophilus truncorum, Necrophloeophagus flavus , and Geophilus carpophagus. The first is a member of the family Himantariidae, whereas the last three belong to Geophilidae. For the phylogenetic relationships among geophilomorph families, insofar as currently known, see Foddai (1998) .
We collected most of our material personally, but some samples were kindly donated or sampled with the help of others (see Acknowledgements). Sampling was done by visual search in the usual cryptozoic microhabitats, with all adults and immatures found being brought back to the laboratory for identification following the key and descriptions in Eason (1964) . In a few cases, it was impossible to determine the sex of small juveniles. These were excluded from the data because most geophilomorphs are sexually dimorphic for segment number (females have more, but there is overlap in the male and female distributions), so data on the two sexes are presented separately. Because of the epimorphic nature of development, with segment number being fixed at the embryonic stage, it is possible to pool all ages within each sex. (Note that occasional assertions of post-embryonic addition of segments in some geophilomorph species [see Archey 1936 and Misioch 1978] have been based on weak evidence and generally discounted; for a clear confirmation of epimorphosis in Strigamia maritima , see Horneland and Meidell 1986.) All comparisons between populations were made using 2 contingency table tests, which were carried out with the statistical package MINITAB (Minitab, Inc., State College, PA, USA). However, a difficulty arises in relation to the pooling of data. Because even "common" geophilomorphs are hard to find (as much of the population is subterranean), sample sizes tend to be small. Small samples often cannot be analyzed individually because this results in expected values of less than 1, which renders the test invalid. So, in many cases, data have been pooled, both between neighboring columns (i.e., combining adjacent segment numbers-see Table 1 ) and between neighboring rows (i.e., combining adjacent latitudinal bands). However, where possible we tested for statistical heterogeneity beforehand, and have avoided combining heterogeneous samples. Thus the criteria for valid 2 testing have been met; further, we include our raw data (Appendix) so that anyone wishing to perform different tests than those we carried out can do so.
RESULTS
For all species, the locations of British samples, and their grouping into broad latitudinal bands, are shown in Figure 1 . Segment number data are summarized in Table 1 for British  populations and Table 2 for the small number of specimens of Geophilus carpophagus from the Canary Islands off the coast of Morocco. The results of 2 tests, comparing the segment number distributions between latitudinal bands, are given in Table 3 . We now briefly describe the main results for each species separately.
Haplophilus subterraneus
Here, the females show a highly significant shift toward an increased number of segments in southern populations, with the modal value switching from 79 to 81 segments. Males appear to exhibit a trend in the same direction, but this is fractionally outside formal significance.
Brachygeophilus truncorum
In this species, there is a clear and statistically significant trend toward more segments in southern populations in both sexes, though this is largely due to the sample from the south coast. The modal values for males are 37 in most areas, but 39 in the extreme south. In females, the shift is from 39 to 41. (A two-segment sexual dimorphism between modal values, with males having n segments, females n ϩ 2, is common in the Geophilomorpha.)
Necrophloeophagus flavus
The results for this species are a little less clear. Nevertheless, N. flavus also appears to exhibit a north-to-south increase in segment number at least in females (see Table 3 ), despite the fact that the same modal values prevail throughout its British range.
Geophilus carpophagus
This species behaves very differently than the other three. Indeed, our data make it likely that " G. carpophagus " is a spe- cies complex, or even a pair (or group) of sibling species. A full treatment of this issue will be published shortly in the more specialist myriapodological literature; for the moment, we retain the specific name G. carpophagus for all forms of this "species." Data are presented separately in Table 2 for the "short" and "long" British forms, which are found in separate localities and can be distinguished by pigmentation as well as segment number, and in Table 3 for populations from two of the Canary Islands, Hierro and Gomera. There is no sign of a latitudinal trend in segment number among British populations of the short form. In the long form, there is also no sign of a trend in the males, whereas the females show a significant decrease in segment number in southern populations, with English populations having, on average, lower segment numbers than their Scottish equivalents. This is the only case of such an increase that we have yet found.
A better test for a latitudinal effect can be made by comparing British with Canarian populations (see Figure 2) . However, two difficulties arise in attempting to make this comparison. First, it is unclear whether the Canarian specimens are "short" or "long" forms, or a mixture of the two. The specimens examined had been stored in alcohol for several years, so pigmentation is unreliable. This issue cannot be resolved by segment number counts, because both British forms may be "longer" the further south the species is found, and the magnitude of any such effect is not yet established. Second, the Canarian material consists of small sample sizes except for females from Hierro.
Given these problems, we have made two comparisons, both involving the Hierro females and a group of British females. First, we used pooled short-form British females; then pooled long form. Although the English and Scottish long forms cannot be pooled for detailed comparisons of segment number, here we restricted ourselves to a 2 2 ϫ 2 contingency table test, with a cut-off value of greater/less than 58 segments, in which respect English and Scottish long forms are the same. In both cases, the result is very highly significant (see Table 3 ), with the southern (Canarian) population having the greater number of segments. So, whichever British form the Canarian material corresponds to, this form shows a similar latitudinal trend to the other three species, albeit not until a more wide-ranging geographical comparison is made.
DISCUSSION
The results for the first three species discussed above, together with Kettle and Arthur's (2000) data on Strigamia maritima and Eason's (1979) analysis of earlier authors' samples of Pachymerium ferrugineum , collectively make a strong case for the widespread existence of latitudinal clines within geophilomorph species, with southern populations having higher modal segment numbers than northern ones. Even Geophilus carpophagus , where the situation is complicated by (a) the existence of two British "forms" and (b) an anomalous result in the case of British long-form females (though this may turn out to be a small-sample effect), still exhibits a north-to-south increase in segment number when British and Canarian populations are compared.
Indeed, it is likely that the present results understate the magnitude of the latitudinal clines because of being largely restricted to British samples, and in turn to a maximum possible north-south span of some 1000 km. Future data from continental European populations are awaited with interest. For those species that extend south as far as the Mediterranean, samples from southern Europe (e.g., Spain and Italy) are likely to be the most informative because they will maximize the climatic contrast with the British material. (Northern Scotland is on a similar latitude to southern Norway and southern Sweden, so only a smaller contrast will be possible in the northerly direction.)
A digression is in order regarding the link (or lack of it) between segment number and body length. In many species from a variety of taxa, mean body size is known to increase with latitude. This trend, initially thought to be restricted to homeotherms, is encapsulated in Bergmann's Rule. However, not only does segment number remain constant throughout postembryonic growth in geophilomorphs, it is also unrelated to adult size. That is, longer adults of a species do not have a higher mean segment number than shorter adults (Kettle and Arthur 2000) . Therefore, our latitudinal clines appear to be entirely independent of body length.
Returning now to the previously discussed "Eason model" of a cycle of clines and speciation events, the most serious omission in the story so far is the absence of any obvious reason why climatic selection should favor fewer segments in the north or, conversely, more segments in the south. The step from clines to speciation, in contrast, presents no great conceptual difficulty (see Endler 1977) . In particular, the splitting of northern and southern populations into daughter species, which may be facilitated by gaps in north-south distribution, is essentially independent of the nature of the selective agent. But the identity and mechanism of action of that agent provide the main focus of interest in terms of understanding why the clines should arise in the first place. These are thus obvious targets for future work. 
